Objective: The objective was to design an enzyme construct with diverse function from urease sequences of haloarchaean, Haloarcula marismortui ATCC 43049 based on its conserved domain consisting metal-binding region and active sites. Methods: Complete urease sequences of haloarchaea were retrieved from National Center for Biotechnology Information and then homology models generated, and validated. The best protein models were selected for docking with respective substrates using Ligand Fit program. The lowest energetic conformers were generated from these protein models by molecular dynamics methods. Urease construct-substrate complex was chosen based on the mode of catalysis, types of molecular interactions, and binding energy.
Introduction
The maturation of enzyme technology is shown by the development of the theory concerning how enzymes function and how this is related to their primary structure through the formation and configuration of their threedimension structure [1, 2] . The design of artificial enzyme is based on the knowledge about the structure, architecture and functional properties of biological enzymes. It is well known that the enzymes contain a binding site and a catalytic site consisting of two or more catalytic amino acid groups [3, 4] . Exploitation of the diverse reactivities of metal center cofactors presents a profitable strategy to introduce catalytic activity into proteins. Several different potential reactivities toward a single substrate often exhibit on metal centre [5, 6] . Hence, computer-aided enzyme modeling has taken an important effort to design metalloenzymes so as to perform chemical reactivity with good catalytic efficiency in biotransformation processes. Nickel is a key metal involved in many of the biochemical process in archaea, and urease (urea amidohydrolase; EC 3.5.15) is one of the nickel-dependent metalloenzymes in haloarchaea. Apart from urease, other archaeal nickeldependent enzymes are more diverse in nature so that urease has taken more advantages for a rational enzyme designing [7, 8] . Urease catalyzes the hydrolysis of urea to yield ammonia and carbamate, which spontaneously hydrolyzes to form carbon dioxide and a second molecule of ammonia [9] . It is composed of three subunits, encoded by the genes ureA, ureB, and ureC. The biosynthesis of a functional urease also requires the presence of four additional genes (ureDEFG) [10] . The gene ureE encodes a nickel carrier protein [11] , while ureDFG encode a chaperone complex that keeps urease in a configuration competent to accept a nickel ion and also requires carbamylation for efficient nickel incorporation [12, 13] . Unfortunately, naturally available enzymes are usually not optimally suited for industrial applications due to the less stability under process conditions, when applying them in biotransformation reactions in industry [14] . Though protein engineering technologies can be used to alter variety of enzyme properties simultaneously, the appropriate screening parameters such as mutant library construction and variant selection should be employed [2] . Hence, the successful designs of small (less than 75 residues) monomeric proteins [15] , protein oligomers [16] , and the redesign of natural proteins to confer novel functionalities [17] have been achieved by the development and use of computational methods for searching the sequence space associated with a particular target structure. The generation of active biocatalysts from dramatically reduced amino acid alphabets provides a strong support for the idea that primordial enzymes are made from only a handful of building blocks [1, 14, 16] . The binding of a substrate close to functional groups in the enzyme causes catalysis by so-called proximity effects. The success of current protein design methods based largely on optimizing the molecular energy potentials suggested that the proposed natural design properties are not necessary conditions for producing well-folded and perhaps even functional artificial proteins [17, 18] . It is therefore possible to design similar biocatalysts from small molecule mimics of enzyme active sites by combining in a small molecule and evolutionary conservation of sequences. In this context, we have aimed to use computer-aided modeling of urease constructs with diverse substrate-specificity based on evolutionary conservation of urease sequences at nickeland substrate-binding regions.
Materials and Methods

Evolutionary conservation analysis
Complete haloarchaean urease sequences were retrieved from GenPept of National Center for Biotechnology Information (NCBI). Multiple sequence alignment was carried out for selected sequences with complete deletion of gaps and correction in multiple substitutions using ClustalX 2.0 software [19] . The aligned sequences were iterated at each alignment step and manually inspected to delete the low scoring sequences. Homogeneous patterns among all sequences were searched by Neighbor joining (NJ) algorithm to construct a phylogenetic tree with 1000 bootstraps values using MEGA 4.0 software [20] . The NJ algorithm calculates distances (percent divergence) between all pairs of sequence from a multiple alignment and applies it to the distance matrix. Because NJ method only gives strictly dichotomous trees (never more than 2 sequences join at one time), a multifurcation (several sequences joining at the same part of the tree) cannot be exactly represented. Using conserved domain search tool [21] , conserved domains architecture as well as metal-binding templates of query sequences was searched from NCBI-CDD (Conserved Domain Database) [22] .
Molecular modeling and enzyme designing
PSI-BLAST tool with a default parameter was used to search suitable protein data bank (PDB) templates for structure modeling from the sequences [23] . ModWeb is an automatic comparative protein modeling server which was used to build three dimensional (3D) structures from query sequences [24] . It enables a thorough exploration of fold assignments, sequencestructure alignments and conformations, with the aim of finding the model with the best evaluation score. A representative model for each alignment is chosen by ranking based on the atomic distance-dependent statistical potential Discrete Optimized Protein Energy (DOPE). The fold of each model is evaluated using a composite model quality criterion that includes the coverage of the modeled sequence, sequence identity implied by the sequence-structure alignment, the fraction of gaps in the alignment, the compactness of the model and various statistical potential Z-scores. Active site residues of selected models were predicted by ProFunc server, which helps to identify the likely biochemical function of a protein from its 3D structure [25] . Crystallographic protein structures whose catalytic domains are similar to metal-and substrate-binding sites were compared with the models. Amino acid residues exclude metal-and substrate-binding regions and active sites have been removed from modeled proteins through atomic coordinates. Amino acid residues corresponding to the selected atomic coordinates were further used to generate 3D homology modeling structure using Prime program in Maestro software package (Schrodinger Inc.). The resulting model was evaluated using Structural Analysis and Verification Server (SAVS) (http://nihserver.mbi.ucla.edu/SAVES/), and then superimposed on the corresponding PDB template with Dali pairwise comparison tool in DALITE server (http:// ekhidna.biocenter.helsinki.fi/dali_lite/start).
Molecular dynamics simulation of enzyme constructs
Structural conformers of the models were generated by Discovery Studio software using CHARMM force field, and steepest descent as well as adopted basis NewtonRaphson algorithms. Distance constraint was between N-terminal to C-terminal and dihedral restraint was started from C to Cα (Ф) of first amino acid residue and Cα to N (ψ) of second amino acid residue until the last amino acid residue in a molecular dynamic ensemble. After molecular dynamic simulation, the energy conformer 1 (lowest one) was selected for computing binding energies of construct-substrate complexes.
Molecular docking studies
Urea-related substrate structures in MOL2 files were retrieved from KEGG database using SIMCOM software (http://www.genome.jp/tools/simcomp) and then converted to PDB format. AutoDock 4.0 software, implemented with Genetic algorithm and AMBER force field, was used to dock substrate into construct. Genetic algorithm is adaptive heuristic search premised on the evolutionary ideas of natural selection and its basic concept is designed to simulate processes in natural system necessary for evolution, specifically those that follow the principles first laid down by Charles Darwin of survival of the fittest. Binding site (cavity) of each construct was selected within an enegy grid and a flexible substrate prefered to dock into it using Ligand Fit program. Smart energy minimization algorithm was used to refine the orientation of the substrate in the receptor site after finding good docking models. The quality of docking models was evaluated by computing interaction distances, binding energy terms and inhibition constants of each construct-substrate complex.
Results
Analysis of molecular conservation
Eight nickel-dependent enzymes (coenzyme F 420 reducing hydrogenase, F 420 non-reducing hydrogenase, methyl-coenzyme M reductase, hydrogenase maturation protease, carbon monoxide dehydrogenase, rubredoxin, urease and acetyl-CoA decarbonylase/synthase) were entries available for archaea in NCBI database. Text mining of this study pointed out many urease sequences including alpha, beta and gamma subunits for haloarchaea among archaeal domain. Protein sequences (NCBI accession YP_134542, BAC84959 and Q75ZQ4) have shown a good structural identity with corresponding crystallographic structures, which was ranged from 58 to 60% (Table 1) . Metal-binding domain of these sequences was existed at the position 5-85 amino acids corresponding to the PDB template 2FVH (A). Urease sequence of Haloarcula marismortui ATCC 43049 (accession YP_134542) was most likely suited for rational enzyme design because of it has the shortest amino acid length to cover metal-and substratebinding sites. The actual length of selected region for modeling was 95 amino acid residues. Construct was predicted to show similarity (e-value 1.27e-38; bit score 153; CD length 96 amino acids) to Uraese_gamma subunit (CD00390), a nickel dependent metalloenzymes ( Figure 1 ). Amino acids Asp49, Gly50 and Gln51 were predicted as active site (nest) residues that were similar to PDB template 2FVH (A). Conservation score of predicted functional residues was 2.092 (Table 2 ). Due to a low identity and modeling score, positions beyond active sites and substrate-binding regions, the rest of the modeled proteins have been neglected from this study.
Phylogenetic analysis
In phylogenetic tree, the sequences of urease from haloarchaea were formed three separate clades such as subunits of alpha, beta and gamma. The sequence (construct) of H. marismortui ATCC 43049 was typically clustered within halophilic archaea and then with Metallosphaera sedula DSM 5348 (Figure 2 ). Gamma ureases were shared their phylogenic resemblance with alpha and beta ureases of haloarchaea and showed their functional uniqueness. As the sequences of alpha and beta ureases were distantly related with gamma urease, a clade formed by them was not included in this phylogenetic tree.
Structural quality and accuracy of urease construct
The sequence of urease construct was highly similar to the PDB template 2FVH (A) wherein we calculated sequence identity 60.4%, e-value 7.23e-19 and total energy -4061.003 kJ/mol. When its homology model was superimposed with 2FVH (A) (urease, gamma subunit; 1.80Å), it was predicted to show 21.6 Z-score and 0.1 RMSD. Using Ramachandran plot, 93.8%core, 4.9%allowed and 1.2%generally allowed regions ( Figure  3 ). ERRAT2 program computed the overall structural quality (86.36%) of construct. Structural accuracy of construct was validated with Prove program by calculating Z-score RMS of that was 1.320 ( Figure 4 ). Verify3d program resulted that 74.23%of the residues had an averaged 3D-1D score >0.2. The construct comprised of 52 H-bond donors and has 3 helix and 6 turns as secondary structural elements.
Molecular dynamic simulations of urease construct
A construct as selected from the above criteria was used to search lower energy conformers by molecular dynamic simulation by which 30 structural conformers were generated. As shown in Table 3 , the top-five lowest energy conforms were selected and had total energy around 2531-2135 kcal/mol. Torsion energy of each conformer has ranged from 197-215 kcal/mol. It also showed that electrostatic energies of all conformers was higher than vander Waals energies. As a result, energy conformer 1 of construct was chosen for further docking studies.
Molecular docking of substrate into urease construct
Urea, 2-propenamide (acrylamide), semicarbazide (aminourea), hydroxyurea and methylurea were chosen as substrates to construct in docking studies. We have shown that 6.78 mmol inhibition constant, -2.98 kcal/mol intermolecular energy and -2.54 kcal/ mol internal energy when construct formed complex with semicarbazide (Table 4 ). Other substrates were also formed complex with construct noticeably. As represented in Figure 5 , atom N 2 of semicarbazide was H3-bonded to amino group of Gly50 of construct (2.97 Å) and atom bonded to carbonyl group of Gly50 (3.47 Å). Atom N 3 of semicarbazide was H4-bonded to amino group of Gln51 with interaction distance of 2.90 Å. Atoms N 1 and N 2 of semicarbazide was H-bonded to Glu55 residue with interaction distance of 2.79Å and 2.79Å, respectively.
Discussion
Most bacteria and archaea can grow under anaerobic conditions producing several enzymes that require nickel [26] . In this work, eight nickel-dependent enzymes are reported in NCBI to ensure their extensive role in biochemical processes of archaea. Urease is consisted of three subunits, alpha, beta and gamma, which can exist as separate proteins or can be fused on a single protein chain [9, 27] . A large alpha subunit is the catalytic domain containing an active site with a bi-nickel center complexed by a carbamylated lysine. The beta and gamma subunits are played a role in sub unit association to form the higher order trimers [25] .
Since gamma subunit of urease has urease domain and active sites within nickel binding centre, we assumed that it could attribute in catalytic activity on respective substrates. Phylogenetic analysis of this study revealed that sequences of alpha and beta ureases were distantly related with gamma urease as they formed a separate clade apart from clade formed by archaeal gamma urease. Metallophaera sudula DSM 5348 showed more phylogenic relationship with urease from H. marismortui ATCC 43049. It implied that metal binding capacity and holotolerance of this enzyme are evolutionarily conserved within halobacteria and shared such features with organisms growing in metal containing environment.
As the results of docking studies, Gly50 and Gln51 was noted to form three H-bonds with semicarbazide, suggesting that this urease construct enable to catalyze it into form nitrile and water as similar to enzymes, nitrile hydratase, nitrilase, 3-cyanopyridine hydratase, NHase, L-NHase, H-NHase, acrylonitrile hydratase, aliphatic nitrile hydratase and nitrile hydro-lyase [28] .
There was also a favorable interaction at Gly50 and Gln51 with urea-related substrates, and both amino acid residues have also reported as active sites of this enzyme. The second most binding energy (-2.65 kcal/ mol) was computed when urease construct interacted with acrylamide. It has further supported us to ensure its catalytic efficiency like nitrile hydradase and acrylamide hydro-lyase on aminourea and acrylamide, respectively. Since, the proposed chemical reaction is that construct has catalytic competency to transform semicarbazide into nitrile, and acrylamide into acrylonitrile in aqueous environment ( Figure 6 ). A crystal structure obtained with urease from Klebsiella aerogenes indicated a trimeric (α3β3γ3) structure, but urease from Helicobacter pylori combined four of the regular six subunit enzymes in an overall tetrahedral assembly of 24 subunits (α12β12) [27, 29] . This supramolecular assembly is conferred additional stability for the enzyme, which functions to produce ammonia. Unlike structural complexity in natural urease, structure of urease construct obtained from this study has only 3 helices and 6 turns, it is assumed to confer its catalytic functions on urea-related compounds (aminourea and acrylamide). Nitrilases that hydrolyse organic nitriles to carboxylic acids and ammonia are a commercially interesting group of enzymes, as nitriles are important intermediates in the chemical synthesis of various products [30] . Nitrile-converting biocatalysts have considerable industrial interest as they can be used to treat toxic nitrile-and cyanide-containing wastes, and as agents for the synthesis of chemicals that have widespread applications [30] [31] [32] [33] . Urease conductometric biosensors are used for a quantitative estimation of general water pollution with heavy-metal ions [34] . Therefore, this urease construct would probably take at least a few contributions for such applications.
Non-aqueous solvents, in which enzymes remain catalytically active, are emerging as versatile media for fundamental studies of enzyme structure and function. The enzyme activation is appeared to involve protection from the solvent in combination with transition-state stabilization, which may entail active-site hydration [35] . In some cases, thermodynamic equilibrium can be altered to favour dehydration over hydrolysis in organic solvents [36] . Kaul and Banerjee have studied the interaction of immobilized nitrile hydrolyzing biocatalyst with various water miscible organic solvents [37] . They found that the enzyme is the best functional in solvent concentration of 10-20%(v/v). Beyond the critical concentration, the conversion values dropped, probably due to enzyme inactivation upon contact with solvent. Nitrile biotransformation was the highly unstable nature of nitrilases, therefore, there were only a few successful biocatalytic processes utilizing nitrilases for large-scale production [36] [37] [38] . As the results of this study, urease construct is assumed to have similar catalytic function and transition-state stabilization with nitrilase. Ilyina et al. have already demonstrated successfully the important role of artificially synthesized conservative amino acids in the principles of catalytic polypeptide properties by experimental evidence [3] . Molecular evolution-directed approach has already been reported for designing constructs of β-methylaspartate mutase from the sequences of H. marismortui [39] , formyltetrahydrofolate ligase from Haloquadratum walsbyi DSM 16790 [40] , sirohydrocholine cobalt chelatase and coenzyme F 420 non-reducing hydrogenase from methanogens [41] [42] . Since, the evolutionary conservation in sequence as well as structure would make a major contribution in enzyme catalysis so that such conserved amino acid residues are accounted for designing enzyme. This designed enzyme has all promising features to perform chemical process in biotransformation reactions under artificial environment. Thus, the resulted urease construct provides an insight to appropriateness of using it in biotechnological processes and in green chemistry applications. For industrial applications, the gene sequence encoded for this construct should be synthesized and then expressed in either homologous host or heterologous host. The expressed protein should be analyzed for enzyme activity and substrate specificity in future.
